Abstract Background: Early surgical intervention for hip fractures in the elderly has proven efficacious. However, surgical delays commonly occur in this patient population due to comorbid conditions that put these patients at a high risk for hypotension-related complications of general or neuraxial anesthesia or anticoagulants that delay the safe use of neuraxial anesthesia. Questions/Purposes: The questions/purposes of this study are (1) to investigate if a fascia iliaca block in conjunction with light to moderate sedation could provide adequate analgesia throughout open surgery for intertrochanteric hip fractures (AO/OTA 31-1) without requiring conversion to general anesthesia with airway support and (2) to assess its perioperative complication profile. Methods: A retrospective chart review was conducted to identify patients with intertrochanteric hip fractures who underwent anesthesia with a fascia iliaca block over a 1.5-year period. Results: In the six patients identified, there were no intraoperative conversions to general anesthesia requiring airway support. Additionally, there were no intraoperative complications, no mortalities within 30 days, 2 patients on anticoagulation who required a blood transfusion, and a single patient who developed a postoperative hospital-acquired pneumonia that resolved with an antibiotic course. Conclusions: In this series of patients, we demonstrate that a fascia iliaca block can reliably be utilized as the primary anesthetic for patients undergoing surgical fixation of intertrochanteric hip fractures, with an acceptable perioperative complication profile. Although concomitant sedation was provided with the block, this anesthesia strategy has the potential to reduce preoperative delays and minimize the overall burden of sedative and anesthetic medications in a geriatric population. These initial findings may serve as a basis for future, higherquality prospective and comparative studies.
Introduction
The majority of hip fractures occur in elderly patients with multiple major medical comorbidities. Over 90% of hip fractures occur in patients over 65 years of age [15] , and as the current population ages, the incidence of hip fractures is predicted to rapidly increase in the coming years [13, 18] . Perioperative management of these patients is optimized when a multidisciplinary approach is used [4] . Multiple studies have demonstrated that medical optimization should take place in a timely manner so that patients can return to ambulation and thereby decrease the rate of complications associated with prolonged immobility. Several factors contribute to surgical delay in hip fractures, including the time of admission, medical comorbidities, and use of anticoagulation [5] . Patients admitted with an international normalized ratio (INR) over 2.0 are at an increased risk for delay to surgery and mortality [5, 19] .
Neuraxial anesthesia has many benefits as compared to general anesthesia for elderly patients with hip fractures and results in shorter length of stay, decreased postoperative delirium, and less alteration of cardiopulmonary status [12, hip fractures use anticoagulation regularly [2] , which precludes a significant portion from receiving spinal anesthesia. Although there is limited evidence in the literature to guide perioperative management of individuals on anticoagulation [8] , it is a common practice to require an INR < 1.5 in order to perform spinal anesthesia. Patients anticoagulated with a reversible medication such as warfarin may be treated with early reversal and later may become candidates for spinal anesthesia. Medications without reversal options, including the antiplatelet agent clopidogrel, should be stopped at least 7 days prior to receiving spinal anesthesia. A delay of this duration is unacceptable for a patient with a hip fracture. Furthermore, in those with severe cardiac comorbidities including pulmonary hypertension (PAH) or aortic stenosis (AS) induction of either neuraxial or general anesthesia (GA) can lead to blood pressure volatility, which can increase the risk of right ventricular failure [6] or coronary hypoperfusion [1] , respectively. Given the aforementioned challenges, an alternative anesthesia strategy is necessary. Fortunately, patients presenting with intertrochanteric hip fractures (AO/OTA 31-1) are ideal candidates for peripheral regional anesthesia techniques, as the surgical options for fixation (cephalomedullary nails (CMN) or sliding hip screws (SHS)) require minimal soft tissue dissection through small incisions using fluoroscopic guidance.
The fascia iliaca (FI) block is a type of peripheral regional anesthesia first described over two decades ago [3] consisting of a full or partial blockade of the lateral femoral cutaneous, genitofemoral, femoral, and obturator nerves that traverse the compartment just deep to the fascia of which the block derives its name. The FI block has been described for use as a pain control modality perioperatively, most commonly in the emergency room as a nonnarcotic alternative, [7, 14] or as a part of multimodal pain control postoperatively [17, 20] .
The purposes of this study were (1) to investigate whether a FI block in conjunction with light to moderate sedation could provide adequate analgesia throughout open surgery for AO/OTA 31-1 intertrochanteric hip fractures without requiring conversion to GA with airway support and (2) to assess the perioperative and early postoperative complication profile using this technique.
Patients and Methods
After approval from the institutional review board (IRB), a retrospective chart review was conducted at the lead author's institution, an urban orthopedic hospital, to identify patients with AO/OTA 31-1 who underwent anesthesia with a FI block between June 2014 and December 2015. The requirement of written informed consent was waived by the IRB. A total of six patients were identified, and their medical rec o r d s w e r e r e v i e w e d t o a s c e r t a i n a l l m e d i c a l comorbidities-operative details including durations of surgery and anesthesia, intraoperative blood loss estimated based upon surgeon and anesthesiologist observation, conversions to GA with airway support for either oversedation or inadequate analgesia, and any perioperative or in-hospital complications that occurred throughout their hospital stay or related readmissions within 30 days from surgery. Both surgical and medical complications were collected including intraoperative and postoperative blood transfusions, neurovascular injury, hematoma either at the anesthetic site or surgical site, stroke, pulmonary embolus, respiratory failure, myocardial infarction, pneumonia, surgical site infection, urinary tract infection, pressure ulceration, thromboembolic disease, gastrointestinal bleed, Clostridium difficile infection, renal failure, or death. This manuscript is written in accordance with the STROBE guidelines.
The senior author performed the FI block under ultrasound guidance in the operative suite. In each case, the anesthesiologist made the decision to avoid deep GA due to each individual's comorbid conditions. All patients had either medical comorbidities (severe AS, severe PAH, severe congestive heart failure (CHF)) or were on an anticoagulant that precluded the use of spinal anesthesia on the day of surgery (Table 1 ). Subsequently, one of four attending orthopedic surgeons at a teaching institution performed the surgical procedure. In all cases, the anesthesia staff was prepared to convert to GA with airway support if necessary.
The data are reported using descriptive statistics only.
Technique
With the patient in the supine position, the operative extremity is draped to expose the inguinal region and superior thigh. After chlorohexidine preparation of the skin, a line is drawn with a marking pen from the anterior superior iliac spine to the pubic tubercle. The starting point is located approximately one third of the way on the line from the anterior superior iliac spine [21] . After placement of the ultrasound probe and identification of the ultrasonic regional anatomy including the fascia lata, fascia iliaca, and femoral artery, a 90-mm 22-gauge needle is advanced through the skin, subcutaneous fat, fascia lata, and just underneath the fascia iliaca. The femoral nerve, hyperechoic when visualized ultrasonically and located adjacent to the femoral artery, is identified just deep to the fascia iliaca ( Fig.  1) . At this point, approximately 20 mL of a mixture containing 20 mL of 0.5% ropivacaine and 20 mL of 2% lidocaine with 0.005 mg/mL of epinephrine is injected in the region around the femoral nerve (Fig. 2) . The needle is then withdrawn laterally but with care to remain deep to the fascia iliaca at which point 10 mL is injected deep to the fascia iliaca (Fig. 2) . Following FI block placement, the patient is positioned supine on a fracture table with the ipsilateral leg in traction and the contralateral leg flexed and abducted to facilitate the positioning of the fluoroscopy machine. The incision site is pretreated with 10 mL of 1% lidocaine. At this point, open reduction internal fixation is performed in the standard fashion using either a CMN or SHS. Light to moderate intravenous sedation is helpful, as some parts of the positioning and procedure may cause the patient to experience mild discomfort or pressure. Total doses of medications provided included 1-2 mg of midazolam, 0-50 mcg of fentanyl, and propofol infusions ranging from 0-30 mcg/kg/min.
Results
The six patients included in this case series were admitted to our hospital with an intertrochanteric fracture (AO/OTA 31-A) during an 18-month period between June 2014 and December 2015. The patients ranged in age from 82 to 97 years of age and included five females and one male. Two patients were contraindicated for spinal anesthesia due to recent clopidogrel use, two for severe AS, one for severe PAH, and one for severe CHF who had a documented systolic ejection fraction of 10%. Five patients were treated with CMNs, and one patient was treated with a SHS. The mean time from admission to surgery was 2.3 days (range, 1-5 days). Further details for each case are summarized in Table 1 .
All of the patients tolerated their surgical procedures without evidence of pain or perturbation, there were no deviations from the surgical plan, and none of the patients required conversion to general anesthesia with airway support during the operation. A single patient received no supplemental sedative medications during the procedure due to preexisting hypotension.
In regard to safety, there were no intraoperative complications. Postoperatively, one patient developed pneumonia and was treated with a course of antibiotics prior to discharge. Two patients required a unit of packed red blood cells each for acute blood loss anemia. The mean length of stay post-surgery was 7.5 days (range, 3-18 days). All patients were discharged to a subacute rehabilitation facility. There were no hospital readmissions or mortalities within the first 30 days postoperatively.
Discussion
Balancing appropriate medical optimization with the need for early surgical intervention presents a challenge faced by anesthesiologists and orthopedic surgeons when treating patients with hip fractures [10, 11, 23] . When a patient uses AFib atrial fibrillation, AS aortic stenosis, CABG coronary artery bypass graft, CAD coronary artery disease, CHF congestive heart failure, CVA cerebrovascular accident, EBL estimated blood loss (mL), EF ejection fraction, ESRD end-stage renal disease, GA general anesthesia, HLD hyperlipidemia, HTN hypertension, MI myocardial infarction, ICM ischemic cardiomyopathy, pRBC 1 unit packed red blood cells, PNA pneumonia, SA spinal anesthesia, TAVR transcatheter aortic valve replacement clopidogrel, or another irreversible anticoagulant, and has concomitant comorbidities such as AS or PAH, neither spinal anesthesia nor GA is an ideal option. We set out to investigate whether a peripheral regional anesthesia technique, the FI block, with light to moderate sedation could provide adequate analgesia throughout open surgery for AO/ OTA 31-1 intertrochanteric hip fractures, without requiring conversion to GA with airway support and to assess its safety perioperatively through an assessment of its complication profile. In pursuit of these goals, however, this study is most obviously limited by its small sample size and retrospective nature. Additionally, no long-term follow-up is reported, but as the purpose was to investigate an anesthetic technique, the decision was made to focus only on the early perioperative safety and efficacy. Despite these limitations, this series serves as an initial report of using the FI block as the primary intraoperative anesthetic for hip fracture surgery. As preliminary efficacy and safety have been demonstrated in a highrisk patient population, these results can serve as a pilot study for future, higher quality prospective and comparative types of designs.
In our study, no patients undergoing hip fracture surgery required conversion to general anesthesia. Although intravenous sedation was provided throughout the procedure, the overall amounts of anesthetic administered are much lower than would be required for a deep GA with airway assistance. One other study in the literature used a peripheral nerve block technique involving a blockade of both the femoral and lateral femoral cutaneous nerves in conjunction with mild sedation for the surgical treatment of hip fractures [9] . The authors reported a 7.2% conversion rate to GA due to inadequate analgesia provided by their block. Unfortunately, it is difficult to compare this study to ours, because nearly half of the surgeries performed in their cohort were hemiarthroplasties which are more invasive procedures than those in our series. Furthermore, the peripheral nerve block used only anesthetized a portion of the nerves affected by a FI block. We report three total complications: two transfusions and a single postoperative pneumonia. Excluding transfusions, the complication rate in this high-risk cohort of patients is similar to the 18% complication rate (also excluding transfusions) reported in a recent large database review examining surgically treated hip fractures [22] . In our series, both transfusions occurred in patients who were anticoagulated preoperatively (1 warfarin, 1 clopidogrel). Although the use of a FI block can minimize surgical delays in patients taking anticoagulation medications, surgery before anticoagulant neutralization may involve more intraoperative and postoperative bleeding and thus contribute to a higher transfusion rate. Finally, despite observing no deaths within the first 30 days after surgery in our series, the overall mortality rate in this patient population has been reported to be about 6% at this early time point [9] .
In conclusion, in individuals who sustain hip fractures with severe pulmonary and cardiac comorbidities or are on anticoagulants that render them poor candidates for either GA or neuraxial anesthesia, a FI block in conjunction with light to moderate sedation is a unique anesthesia alternative that may result in decreased morbidity by avoiding the complications of GA while expediting surgery. In our small case series, we demonstrate that a FI block (1) can reliably be used as the primary anesthetic for a patient undergoing surgical fixation of intertrochanteric hip fractures and (2) has a perioperative complication profile consistent with similar surgeries performed under GA or neuraxial anesthesia. Anesthesiologists and orthopedic surgeons should be aware of this alternative and consider its use in high-risk hip fracture patients. Informed Consent: Informed consent was waived from all patients for being included in the study.
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